Summary Kidney function and size were studied in seven well-controlled male Type 1 (insulin-dependent) diabetic patients before and after administration of highly purified human growth hormone for one week. Gtomerular filtration rate, renal plasma flow (steady state infusion technique with urinary collections using 125I-iothalamate and 131I-hippuran), kidney size (ultrasonic scanning) and urinary excretion rates of albumin and fl-2-microglobulin were measured. Highly purified growth hormone was injected subcutaneously, 2 IU in the morning and 4 IU in the evening. The growth hormone dosage applied induced an elevation in plasma growth hormone concentration from the normal level seen in these very well controlled diabetics to levels within the range previously demonstrated in normally controlled Type 1 diabetic patients. During the week of growth hormone administration, glycaemic control was maintained unchanged by increasing the insulin dose by 79 + 9% (mean _+ SEM). Glomerular filtration rate increased from 122 + 3 to 131 + 3 ml/min x 1.73 m 2 (p < 0.05) and renal plasma flow increased from 535 + 10 to 569 _+ 22 ml/min x 1.73 m 2 (p < 0.05). Kidney size changed from 128 + 5 to 133 + 5 ml/1.73 m 2 (NS). Urinary excretion rates of albumin and fl-2-microglobulin were unchanged. The present findings suggest that the growth hormone elevation typically found in Type 1 diabetic patients with reasonable clinical control, contributes to the enhanced glomerular filtration rate and renal plasma flow present in that disease.
Kidney function in patients suffering from Type I (insulin-dependent) diabetes mellitus of recent onset is characterized by enhancement of the glomerular filtration rate (GFR) [14] . Strict metabolic control for one week in newly diagnosed Type 1 patients reduces GFR, while the enlarged kidney size remains unchanged [5] . Several factors have been suggested as contributing to this rapidly reversible fraction of the GFR elevation in Type 1 diabetes -e.g. hypoxia [2] , hyperglycaemia [6, 7] , hyperglucagonaemia [8] and increased plasma growth hormone (GH) concentration [3] . Two hours GH infusion to normal man has no effect on kidney function [9] , while GH administration for several days increases GFR as well as renal plasma flow (RPF) [10, 11] . Until now no such data have been available for diabetic patients.
The aim of the present study was to investigate the effect of one week GH administration on kidney function and size in well controlled Type 1 diabetic patients. Highly purified GH was injected SC twice daily in order to obtain an elevation in plasma GH within the range previously demonstrated in poorly controlled Type 1 diabetes.
Patients and Methods

Patients
Seven male Type 1 diabetic patients participated in the study after giving informed consent (Table 1 ). All were lean and ketosis-prone. The patients were selected from those showing the best glycaemic control when seen in the outpatient clinic. The mean post-prandial blood glucose value found in the morning (at the last four visits to the outpatient clinic within one year before the study) was 7.9 _+ 0.9 mmol/l (SEM) and the mean 24 h urinary glucose excretion on the same occasions was 7 g/24 h (range: 040 g/24 h). Glycosylated haemoglobin~ c (HbA1 c) (12) 
MeNo~
GFR and RPF were measured using the steady-state constant infusion technique with urinary collections [13] . 125I-iothalamate and 13~I-hippuran were used as markers of GFR and RPF respectively [13] . Measurements were carried out at 08.00 h following an overnight fast, the last injection of insulin being given the evening before.
The patients drank one litre of tap water at 07.00 h and were given 0.25 litres/20 min during the clearance experiments. Measurements were carried out in the supine position, the patients standing only to void. Following a 60 rain equilibration period, six consecutive clearance periods, each of 20 min, were evaluated. The GFR and RPF values are given as mean _+ SEM of all clearance periods and are corrected to 1.73 m 2 body surface area.
Thyroid uptake of radioactive iodide was blocked with potassium iodide 100 mg/day for 2 days before the study.
Kidney volume was measured by ultrasonic scanning [4, 14] . Measurements were performed at 15.30 h on the day before the determination of kidney function. The values given are the mean of double determinations corrected to 1.73 m 2 body surface. The mean coefficient of variation on double determination in the present study was 4.1%.
Urinary excretion of albumin and fl-2-microglobulin were determined by radioimmunoassays [15, 16] and the values are given as mean + SEM of all six clearance periods. Plasma GH concentration [17] was measured during the first clearance period (at 09.00 h). Blood glucose, heart rate (60 s) and auscultatory blood pressure were recorded in the middle of the first and last clearance periods.
Protocol
Measurements of kidney function and size were repeated after one week. GH administration was started in the evening on the day when the first determination of kidney function took place. The last injection was given in the morning on the day of the second measurement of kidney function. Growth hormone (Nanormon, Nordisk) was injected SC -2 IU at 07.00 and 4 IU at 20.00 h [18] . In a pilot study on two well controlled Type 1 diabetic patients, this dosage was found to result in plasma GH levels within the range seen in Type I diabetic patients under ordinary clinical control [20] (Fig. 1) .
We succeeded in keeping the metabolic control nearly unchanged during the experimental period by means of a standard regimen: the total daily insulin dose was increased by 60% at the beginning of the GH administration as indicated by our 24 h pilot study in two patients. Further adjustments of the insulin dosage were performed by means of daily telephone calls to the patients and based upon home measurements of glycosuria (Clinitest) six times a day. Duplicate 24 h urine collections for measurement of urinary glucose excretion were carried out immediately before each clearance procedure.
Statistics
The Wilcoxon matched-pair test was used for statistical evaluation.
Results
One week of GH administration induced a 7% increase in GFR (122 + 3 to 131 _+ 3 ml/min x 1.73 m 2; p < 0.05) and a 6% increase in RPF (535 + 10 to 569 + 22 ml/min x 1.73 m 2, p < 0.05, Table 2 ). Filtration fraction remained unchanged. Kidney vol- tion with the administration of GH. All patients were again controlled on their ordinary insulin dose a few P < 0.01 days after the termination of the study. 
Discussion
The present study demonstrates an increase in GFR and RPF following one week of two daily subcutaneous GH injections to well controlled Type 1 diabetic patients. No significant changes in kidney volume were found, but numbers were small. Data on kidney function following GH administration to diabetic patients have not been reported previously. In normal man, short-term infusion of GH has no effect on GFR and RPF [9] , while GH injections for several days have been shown to increase GFR and RPF [10, 11] without concomitant changes in kidney volume [11] . Thus, the kidney response to an elevation in plasma GH seems to be similar in normal man and in well controlled Type 1 diabetic patients.
In order to obtain near normal GH concentrations before the administration of GH, the diabetic patients in our study were carefully selected -most of them showing excellent glycaemic control. The control values for GFR and RPF (122 _+ 3 and 535 _+ 10 ml/min x 1.73 m 2) in the present study are not statistically different from previous values we have obtained in nondiabetics (113 +_ 3 and 523 + 21 ml/min x 1.73 m 2) [4] and are significantly lower (p < 0.01) than results obtained from an unselected group of Type I diabetic patients with 'ordinary' clinical control (144 + 5 and 627 _+ 26 ml/min x 1.73 m 2) [4] . Likewise kidney volumes were found to be close to normal (128 _+ 5 versus 112 _+ 5 ml/1.73 mZ;p < 0.05). Thus prolonged near-normal glycaemic control had apparently induced almost normal kidney function and size.
The twice daily subcutaneous GH injections applied in the present study induced an elevated diurnal plasma GH level within the range demonstrated in Type 1 diabetic patients under 'ordinary' clinical control [20] (Fig. 1) .
The metabolic effect of GH administration to subjects deprived of insulin secretory capacity has recently been described [21] . Glycaemic control in the present study was maintained unchanged and equal to that before GH administration by a substantial increase in insulin dose (79 + 9%). Blood glucose was similar during the clearance investigations before (mean 6.0 + 0.4 mmol/1) and during GH administration (mean 5.5 + 0.4 mmol/1). Glycosuria remained little changed in all patients except No. 7. It is well established that hypergIycaemia enhances GFR in Type 1 diabetes and in normal man [6, 7] . Intravenous glucose infusion in Type 1 diabetic patients, resulting in an increase in blood glucose from 4.6 to 16.0 mmol/1, raised GFR from 133 to 140 ml/min x 1.73 m 2 [7] . Mogensen, however, found no change in GFR in Type 1 diabetic patients [22] after a lesser elevation of blood glucose from 4.4 to 7.6 mmol/1. Thus it seems fair to conclude that the enhancing effect of GH administration on kidney function in Type 1 diabetic patients is due to a direct action of GH and not dependent upon secondary changes in glycaemic control. This conclusion is strongly supported by our previous study in normal man [1t], in whom GH administration identical to that in the present study induced an increase in GFR and RPF equal to that found in the present diabetic patients, but without any changes in glycaemic control.
Falkheden et al. [23] have suggested that the elevated GFR (+ 23%) and RPF ( + 20%) in acromegaly might be due to increased kidney size and enlarged extracellular fluid volume (+ 33%). Even though plasma GH levels in acromegaly are more than tenfold higher than the levels obtained in the present investigation [24] , it is possible that the enhanced GFR (+ 7%) induced by 7 days GH administration might, to some extent, be due to extracellular fluid volume expansion. In the present study, no change in body weight was observed. Plasma protein concentration decreased by 3%, indicating a plasma volume expansion in the same order of magnitude, assuming unchanged intravascular protein mass. However, the sampling of approximately 150 ml of blood in the time between measurements might contribute to the slight decline in plasma protein concentration. In this context, it should also be mentioned that short-term experiments with plasma volume expansion due to saline infusion, resulting in even greater reductions in plasma protein concentration (4%-5%), did not reveal any changes in GFR [7] . Thus, considering that GFR in the present study increased by more than 7%, the slight extracellular fluid volume expansion would not seem to be the main mechanism involved in the enhancement of GFR.
Growth hormone can enhance GFR only by altering one or more of the well defined determinants of glomerular ultrafiltration [25] . These include RPF, transglomerular pressure and the glomerular permeability-surface area product. The present finding of a nearly parallel increase in GFR and RPF, with unchanged filtration fraction suggests that the rise in RPF is involved in the GFR enhancement induced by one week of GH administration.
No significant change in kidney volume was observed in the present study, although a tendency towards an increase was found ( Table 2 ). The ultrasound technique applied has been shown to be accurate and precise [14] . The reproducibility of the technique should be sufficient (the coefficient of variation on double determinations in the present study was 4.1%) to demonstrate an increase in kidney volume of the same magnitude as the present increase in GFR.
No changes in the urinary excretion rates of albumin and fl 2-microglobulin were found (Table 3) . This is in accordance with the results obtained in normal subjects [11] and indicates that GH has no effect on the filtering properties of the glomerular capillary membrane or on tubular protein reabsorption.
The present results suggest that the GH elevation in Type 1 diabetes contributes to the enhancement of GFR and RPF typically found in these patients. The elevated GFR in Type 1 diabetic patients with 'ordinary' clinical control seems to be due to alterations in all the main determinants [4] . The elevated plasma GH may be implicated in at least two of them: an increase in RPF as well as an increase in filtration surface area. It has previously been suggested that the early hypertrophy and hyperfunction in Type 1 diabetes may in some way be related to the later development of diabetic nephropathy [26] and it has also been suggested that the elevated plasma GH is one of the factors leading to diabetic microangiopathy [27, 28] .
